Introduction. Currently, there are no definitive guidelines for the resection of a cam lesion. The purpose of this study was to investigate factors indicating the potential differences in low and high volume hip arthroscopists in marking the area of resection in cam lesions using X-rays for preoperative planning. Methods. Thirty-nine surgeons with varying levels of hip arthroscopy experience participated in the study. Surgeons filled out a survey and traced the area of optimal resection on radiographs with varying amounts of cam FAI. Participants were grouped by number of hip arthroscopies performed, years of surgical experience, and number of surgeries performed. Results. Surgeons who perform osteoplasty as a high percentage of their total hip surgeries per year correlate to the total number of hip arthroscopies performed per year ( = 0.412, < 0.05) and number of years of experience ( = 0.72, < 0.01). Surgeons performing greater than 50 cases per year traced a larger resection area for 3 different patients' radiographs as compared to those performing less than 50 cases per year (117%, 143%, and 173%, < 0.05). Conclusions. This study demonstrates that surgeons with less experience (decreased number of years operating and total number of surgeries) plan for resecting less cam than do experienced surgeons.
Introduction
The understanding of femoroacetabular impingement (FAI) continues to evolve. Preoperative X-ray and three-dimensional computed tomography scans are helpful to evaluate the extent of cam lesions [1] . Cam FAI is a structural, mechanical problem, necessitating symptomatic patients to have surgery. Surgery can be performed arthroscopically or by an open technique. Arthroscopic surgery has the advantages of most minimally invasive surgeries previously described in the literature. The advantages of open treatment include easy access to all hip structures and facilitation of intraoperative ranging of the hip at extremes of motions. In open surgery, the recovery time is longer secondary to the highly invasive nature of the operation and increased potential risk for avascular necrosis [2] .
The use of hip arthroscopy for definitive treatment of FAI is increasing [3] . Arthroscopic management of FAI is improving, with excellent outcomes reported in the literature at early-term follow-up [4] [5] [6] [7] . Despite the increase in FAI arthroscopy, the learning curve in planned resection of cam FAI has not been determined based on consistency and appropriate resection.
Despite availability of the advanced imaging techniques, the X-ray is still the cornerstone of preoperative planning for FAI surgery. Incompletely treated FAI is the number one cause of revision hip arthroscopy [8] . Appropriate cam resection is imperative to the success of the surgery. Martin et al. reported underresections of cam FAI, due to the learning curve for hip arthroscopies [9] . Learning curves for surgeons have been assessed in order to determine skill level and to improve existing education techniques. Shoulder and knee arthroscopy studies demonstrate that the number of surgeries and years of experience correlate with better surgical outcomes and decrease in operative time [10] [11] [12] [13] [14] [15] [16] .
Currently, there is no description of the learning curve for preoperative planning for FAI osteoplasty using X-ray. By 2 Advances in Orthopedic Surgery surveying surgeons with differing levels of hip arthroscopy experience and measuring preferred cam resection area on digital images, this study investigates factors that are associated with differences amongst surgeons in marked area of resection. Specifically the research question of interest is, do surgeons with more experience resect more in preoperative planning for FAI than those who are novice? Our goal is to identify survey characteristics that would eliminate variability in amount of resection preoperatively for cam FAI osteoplasty. This study intends to demonstrate a learning curve for surgeons (timeframe/performance standards) and to assess whether their preoperative planning would be similar to those who are experienced FAI surgeons.
Methods and Materials
Upon approval by the Marymount University Institutional Review Board, a total of 39 clinicians participated in the study. All of the participants were Board Certified orthopedic surgeons registered for the AANA Master's Experience in Hip Arthroscopy Course (Rosemont, IL). All of the subjects completed a survey describing their surgical history and level of experience (see the appendix).
In addition, the subjects were asked to evaluate the same digital radiographs of three patients with varying amounts of cam FAI. All 3 of the patients were seen at one center and were examined by the same highly experienced hip arthroscopist, with radiographs taken by one technician. High quality digital reproductions of A-P and Dunn lateral view radiographs were provided to the surgeons (Figure 1 ). Oral instructions were provided to all of the clinicians at the same time; they were asked to trace the area of optimal resection of the cam lesions in all images which were printed and distributed to them; investigators left the room during the tracing. These images were then scanned, converted to JPEG images, and digitally analyzed. The tracings ( Figure 2 ) made by the study participants were retraced using image analysis software (Fiji/ImageJ software available at http://www.nih.gov/). This software also calculated area of resection for each image in pixels, which were compared between participants. Spatial calibration was accomplished by dividing pixels/mm and set for future images through Fiji/ImageJ software.
A single author performed all of the analyses to limit interrater error, who was blinded to all patient data. Results from the survey were used to describe surgeon characteristics and used in secondary analysis to determine correlations between survey responses and area indicated in the radiographs. Analysis of variance (ANOVA) was used as the primary analysis for subgroup characteristics. When significant differences were found, comparisons were made using a Bonferroni post hoc analysis. This analysis revealed differences only upon reaching 50 surgeries per year, allowing us to analyze the data by dividing surgeons into 2 groups, less than 50 surgeries and greater than 50, with no differences in greater than 50 or greater than 100 surgeries performed per year. For secondary data analysis, subjects were grouped according to the number of surgeries they performed. Secondary analysis employed the use of Student's t-tests and Pearson's correlations to assess differences in area of resection 
Results
Study participants were grouped into instructors versus attendees. Of the 39 interviewees, 14 were instructors and 25 were attendees. Twenty-six of the participants had been performing surgeries for less than 5 years. The number of surgeries performed varied widely, with 26 surgeons performing <20 surgeries, 2 performing between 31 and 50, and 11 performing over 50. Minimum and maximum values and most frequently noted responses are outlined in Table 1 to illustrate the variance between participants.
Additional survey review revealed that instructors of the hip arthroscopy course were more likely to perform a cam osteoplasty compared to attendees ( = 0.69, < 0.01). Among the attendees, the number of surgeries per year ( = 0.72, < 0.01) shows a strong correlation with those who perform osteoplasty, while the number of years of experience ( = 0.412, < 0.05) has a significant but moderate correlation. From survey data analysis, participants were grouped according to number of hip arthroscopies performed after finding a cut-off difference at 50 surgeries per year, as determined through post hoc analysis of our ANOVA (Table 1 .) A positive correlation was found between number of years of surgical experience and number of surgeries performed per year ( = 0.56, < 0.01). Pearson's test revealed a moderate but significant correlation of number of surgeries performed and area of resection for the 3 radiographs ( = 0.39, 0.47, and 0.39, < 0.05).
Student's -test detected significant differences in area of resection between groups. It is important to note that the radiographs all depicted obvious cam lesions. Surgeons performing greater than 50 cases per year traced a larger area of resection for the 3 patients' radiographs as compared to those performing less than 50 cases per year (117%, 143%, and 173%, < 0.05) as illustrated in Table 2 . No differences were seen between surgeons who performed > 50 versus > 100 surgeries per year.
Discussion
Because of the steep learning curve in the arthroscopic cam FAI osteoplasty and regional access to bony pathology arthroscopically, there is always a concern about the adequacy of resection of cam lesion [17] [18] [19] . Potential problems include inaccurate resection, underresection, and overresection, which may lead to suboptimal outcomes such as residual impingement or the creation of structural instability. One tool to prevent these problems is preoperative planning. In our study, we provide an inexpensive tool [digitized radiographs and free software] to evaluate this skill level noninvasively.
Our study supports that preoperative planning on X-ray is significantly different for those surgeons with greater than 50 surgeries per year compared to those with less than 50 per year ( < 0.01). There were significant differences in the area of resection between the 2 groups of surgeons, with those performing greater than 50 surgeries per year planning to resect more than the relatively inexperienced surgeons. Underresection by less experienced surgeons runs the risk of needing revision surgery or continued impingement. No difference was seen between surgeons who performed > 50 versus > 100 surgeries per year. Surgeons performing more than 50 hip arthroscopies per year planned surgical resection with similar variability as surgeons performing more than 100, and the variability was less than the surgeons performing <50 hip arthroscopies. This study does not define the "correct" area of resection; it focuses on changes in variability of planned osteoplasty to experience. Likewise, the study did not focus on appropriateness of resection, the images used all had a moderate to severe cam lesion, and the participants were all in a course for arthroscopic management of this condition; thus each participant had a potential bias as to whether resection was necessary. Although this study identifies differences in planned resection, it does not speak to the capability of these surgeons' ability to accomplish a successful outcome.
Limitations
One of our limitations is the narrow population studied. Since our study group contained all course attendees, they all have vested interest in hip arthroscopy. Additionally, there were only 3 cases for each surgeon to examine; increasing this number may have shown more differences. Also, as a survey study, we chose to not use open-ended questions, but we rather assigned arbitrary cut-offs for the categories of number of surgeries per year. In doing so we felt we were eliminating recall bias: however, this study may slightly over-or underestimate the true number of surgeries related to the learning curve. For our analysis, we used post hoc results and identified 50 surgeries per year as a cut-off value; basing our results on this measurement has the potential to introduce error. We used a blinded review; however, we only used one reviewer, which could introduce bias to our study. Additionally, this study does not measure the actual surgical performance, which could potentially differ from a 4 Advances in Orthopedic Surgery planned surgical resection. Lastly, this study is solely based on radiographs and did not explore other methods of evaluation which play a role in preoperative planning.
Conclusions
The primary objective of this study was to determine if surgeons of varying experience levels exhibited differences in preoperative planning methods for resection of FAI using hip arthroscopy. Our team evaluated characteristics between participants and grouped them by volume of surgeries to determine correlations to preferred area of surgical resection. This study demonstrates a positive correlation between number of surgeries performed and the area of planned resection. Those surgeons with less experience plan for less cam resection than those with more experience. In addition we introduced a method of evaluating and quantifying amount of resection for preoperative planning. This study can act as a foundation for future studies wishing to determine surgical skills and may help provide teaching tools or benchmarks that could be achieved during the learning curve and to facilitate studies based on surgical experience, surgical outcomes, and amount of resection. Our preoperative planning method might be a helpful tool to determine the amount of cam osteoplasty.
